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The present article reports on the findings of the changes, gained lJ~· electron 
microscopy, in W ALLERIAN of rabbit’s sciatic nerve, above al, the myelinated nerve 
fibers, and the discussion of them as compared with the vie＼’s reported by other 
studies. 
1. The process of autolysis of the axon accompanied with change of the shape 
under the surface tension was represented by the electron micrographs. Mitochondria 
and endoplasmic reticulum in al axons degenerate between 24 and 48 hours after 
nerve section. Axonfilaments are broken down into many fragments which agglom-
erate gradually between 48 and 72 hours. At the same time, the axoplasm degen-
erates and intra-ax:onal edema proceeds. 
2. Complete segmentation of the axon caused by the surface tension appears on 
the 3rd day after nerve section in the small nerve fibers, on the 4th day in the 
medium ones and on the 6th day in the large ones. The delay of the segmentation 
in the large ones is probably due to the difference of diameter of the axon. 
3. In the small nerve fibers, physical destruction of the myelin sheath following 
shape of the axon transformed under the surface tension in the early stage of 'VAL曲
LERIAN degeration is interpreted by the inserability of the axon-Scttw ANN membrane 
and the connection of the myelin lamellae with it. The axon-Scttw ANN membrane 
pulls the myclin lamellae when the axon clecrea附； the diameter as a result of either 
condensation of it caused by the degeration or contraction of it under the surface 
tension. Consequently, the myclin lamellae separate from each other at the narrow-
ing portion of the axon. Mm・eovcl',the cun・ing or spiralling nature of the myelin 
lamellae displaying itself at the narro＼γi ng portion of the axon co-operatl、sin this 
alteration of the m~·elin sheath. Perhaps this nature of the myelin lamcllae plays 
a more important role in such alteration of the myelin sheath in the medium nerve 
fibers and the large ones. 
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After destruction of the axon-ScHw ANN membrane and accomplishment of the 
segmentation of the axon, progress of the physical destrution of the myclin sheath 
into smaller myclin globules is caused by the invasion of the SCHw ANN cel cytoplasm 
and probablyァ thedisplaying of the spiralling nature of the myelin lamellae. 
4. The process of chemical decomposition of myelin fragments ・was demostrated 
in the electron micrographs. In the majority of myelin fragments in ＼＼－アALLERIAN
degeneration, the highly dense particles appear first in the myelin lamellae. After 
los of them, the light la:y℃rs disappear earlier than the dense layers. The latter 
decreases the density slowly and then fades away. Besides such process, various 
changes were obseved. 
5. The Schwann cel starts expansion of the cytoplasm and multiplication of 
the nucleus in order to fil up the intracellular space, left behind by the destruction 
of its myelin sheath and axon ・within the cel, with its cytoplasm. 
6. It was demonstrated in the electron microgr句 hsthat the SCHw ANN cel 
cytoplasm encloses and decomposes the axon remnants and the myelin fragments 
lying within the cel from the start of W ALLERIAN degeneration. 
7. In the medium stage of ¥VALLERIAN degeneration, some of ScHWANN cels 
degenerate. Their degenerations are caused probably by increase of decomposition 
products of the myelin fragments in it. 
8. Some of the large-sized ScHw ANN cels are transformed into the macrophage-
like cels between about the 12th and 16th day after nerve section. They are similar 
to ones as shm＼’n by WEISS and 羽TANG, however the author concluded based on the 
morphological proofs, that the transformation of the SCHw ANN cel is caused by the 
partial destruction of itself and not by the modulation of the ScHw ANN cel into 
macrophage. 
9. The cord of ScHw ANN cel, namely the cord of BuNGNER, is composed of the 
file of independent elongated ScHw ANN cels. Movements of the ScHw ANN cels in 
W ALLERIAN degeneration would seem to occur for the purpose of composing the cord 
with a definite diameer. 
10. The filling up of the intracellular space with the ScHw ANN cel cytoplasm 
and the accomplishment of the cord of BiJNGNER are earlier in the smaller ScHw ANN 
cels than in the large ones. These differences are due to the capacity of the intra-
cellular space in each ScHw ANN cel. 
1. Macrophages cannot invade the SCHw ANN cels except the dying ones and 
they remove ID.¥'elin fragments lying outside the ScHw ANN cel in consequence of 
destruction of it. 
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以て，従来の回定染色法よりも比較的生存時に近い伏 mitochondria, endoplasmic reticulum と多数の細 ・i 




myelin lamellaeから構成されており P 電顕像では
より明るい li邑批 layerと濃い denselayerとが交
そこで著者はA示兎＇I＇骨神経切断後の末檎側神経幹に 'dこ並びP 前者の中央に intermediatelineC17,s2，開











早期再生を防ぎp 変性神経幹採取を初回手術から 24, Jm原線維は組織間際にあるものと同様である．












16時間固定しp次いでアルコール系列脱水後n-buth>・l ondria, endoplasmi巴 reticulum は空胞化又は頼粒
及び methylmethacrirate(6 : 4）混合液中に前温で 化し始め（図4），切断18時間後には全ての軸索内の
1時開放置した従．神経幹の中央部約lcm長をぶJ'.'nun mitochondria及び endoplasmicreticulumは空胞













































































Jin lamellaeが densityを失い lightlayerは消












































































































































































































































































































































































附図 I. 正常有髄神経線維の横断面図. (Robertson (50 .~5 l）の図を参考と した.）~議鞘の外側には Schwann
細胞質があり（sc），髄鞠の最内層も極めて薄い Schwann細胞質層（sc）である．前者の Schwann細
胞表面膜（scm）は mesaxonによって myelinlamelaに連続し， myelinlamellaは螺旋状に幾
重にも回転してp 最内側のそれは軸索Schwann膜に連続している．図中，実線はmyelinlamellaの
dense layerを， 点線は intermediatelineを現わしP light layer は両者間の間際として示さ
れている．軸索 Schwann膜は軸索鞘とp これに対している Schwann細胞質の表面膜p 及び両者
間の間際から成っている．電顕写真l及び8.を参照されたい． b ：基底膜．
附図 2. 変性神経線維の横断面図．電顕写真2.のように神経切断後2日目以降p 軸索狭小部で軸索径の減少と
同時に起る myelinlamlella〔ml）の解酸を示している．電顕観察によれば，解離は denselayer 















































写真 12,13, 14, 15, 16等を参照されたい．
図中， mgは髄球を示し，細胞質に包囲されてい






































している所見であって（図 18,19, 27)' これ等の髄球
は層状有毒造を示しているのみならず，より小さいもの
は螺旋状の myelinlamellaeから成っているのであ




































































































17, 29）を対照すると， myelin Iamellaの化学的組
成は次のように 考えられる． RPちp light layerは
sphingomyelin, cerebroside, serine-cephalinを合
有し， lecithinは denselayer及び S細胞質に，































































































あったもので（図3,12, 16) （附図 4,5), 而も髄鞘は
S細胞の一部分であるから1B,19,SL52J （附図 1) I S細
胞が自己の体内にあったその髄鞘片を分解吸収する過
程は，体外から異物を細胞内に摂取する phagocyt-
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しえた． 一般にp myelin lamcllaeに於ては最初に
その densityが唱すと同時に多1えの非常に denseな
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Abbreviations in the electron micrographs 
ax: axon. 
asm : axon Schwann membrane. 
b : basement membrane. 
c : collagen fibril. 
is : intracellular space of Schwann cel. 
Im: limiting membrane of Schwann cell 
cytoplasm. 
m: myelin globule. 
ml : myelin lamella. 
ms : myelin sheath. 
mac : macrophage. 
ncf : neurilemmal collagen fibrils. 
SC : Schwann cell cytoplasm. 
scm: Schwann cell surface membrane. 
scn: Schwann cell nucleus. 
d : opaque droplet. 
EXPLANATION OF ELECTRO="I MICROGRAPHS 
Fig. I. A part of the cross section of a normal myelinated nerve自ber. Separations of 
myelin lamellae are the artifacts (at x 1ー x20, 150. 
Fig. 2. A part of the cross section of a degenerated nerve fiber 48 hours after nerve 
section. Remarkable separations of the myelin lamellae with contraction of the axon and 
inseparability of the axon-Schwann membrane can be observed. x 18, 820. 
Fig. 3. Longitudinal section of two degenerated nerve fibers 96 hours after nene section. 
In the small白ber,cun・es and partition walls (at x) of the myelin lamellae are conspicuous. 
The axon cannot be discovered in this section except a ovoid (at 0). In the large fiber, the 
myelin sheath is curYed along the fusiform swelling portion of the axon and destruction of it 
is not so advanced as in the former fiber. The Schwann cell cytoplasm shows a protrusion 
fitting in the curve of the myelin sheath (at p). Inside the axon, many agglomerates of fra-
gements of the axonfilaments are 【listributedin the degenerated light axoplasm and the 
diameter of the axon seems to be increasing. x 8,050. 
Fig・. 4. Longitudinal section of the interior of the axon 24 hours after nene section. A 
mitochondria and numerous fine axon白lamentslie in the axoplasm. In the matrix of the 
mitochondria, granules have begun to appear, while the axon白lamentsand the axoplasm are 
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not degenerated yet. x 39, 900. 
Fig・. 5. The concentrated axon and the separated myelin lamellae 48 hours after nerve 
section. Inside the axon, a degenerating mitochondria and巴ndoplasmicreticulum transformed 
into vesicles (v) can be observed in the concentrated dense axoplasm, however disintegrations 
oI the axonfilaments are not discovered. x 30, 480. 
Fig-. 6. Inside the degenerated axon 72 hours after nerve section. The degenerated mito司
chondria is disintegrating and numerous fragments of the axonfilaments are agglomerating 
(ag). Note the light axoplasm, as compared with the density of that 24 hours after nerve 
section (fig. 4). x 31, 680. 
Fig. 7. A ovoid on the 10th day after nerve section, containing many degeneration products 
of th巴 intra-axonalstructures. Invagination of myelin lamellae is indicated by arrow in the 
middle of th巴自民・ure. Numerous vesicles are distributed in it, of ＼＼七ichmany come in contact 
with the axon-Schwann membrane composing this ovoid with the myelin lamellac. A large 
number of conglomerates composed of fragments of axon自lamentslook lik巴 denseparticles, in 
which the fragments se巴m to be coiling each other. × 10, 100. 
Fig・. 8. A part of the cross section of a large rnyelinated nerve fiber on the 6th day after 
nerve section. The myelin sheath keeps th巴 normalstructure except the beginning of separa-
tion of the rnyelin larnellae (at x). The百nestructure of the rnyelin sheath is diagrammatized 
in the text-fig. 1. d : dense layer of rnyelin larnella, I : light layer of it, i: intermediate line 
of it. x 113, 350. 
Fig-. 9. Longitudinal section of the larg巴 ner、口五beron the 10th day after nerve section. 
Myelin sheath is disintegrated into bundles cf numerous faint白laments,about 20 to 40 A in 
diameter, in the intracellular spac巴 ofth巴 Schwanncell. These filaments lie in groups at f. 
x 17, 390. 
Fig・. IOa. A decomposing myelin globule is enclosed within the Schwann cytoplasm on the 
10th <lay after ner、esection. x 7, 520. 
Fig. IOb. Detail of this globule. Myelin lamcllae of it ha、edecreased the densities and 
the dense layers are ob叩 l、cdas the beads, of which dense particles, 100 to 400 A in dia1川、Lei',
are joined by the faint lines, abυut 50 A in diameter. The light layers have di凶appeared. メ
26, 500. 
Fig・. lla. Longitudinal section 0£ the large ner、efiber on the 14th day aft巴rnerve 
section. Many various sized myelinεlobul巴sar巴 closelypacked within the Schwann cell cytop-
lasm. The cytoplasmic matrix is dense and the cytoplasmic structures are indiscernible, so 
that the Schwann cell seems to be dying. Disintegration process of the myelin globule and 
decomposition process of the myclin lamellae as described in the text seem to be shown by 
the myelin globules in this figure. The large myelin globule (11) has many dense particles 
as shown in Fig. llb, lying within or coming in contact with the myelin lamellae of it. The 
smaller myelin globule rm, l iscomposed of the less dense myelin lamellae, from which light 
layers haYc disappeared and dense layers show the smooth surfaces. The myelin Jamellae of 
other myelin globule Im, I have become less dense than m, and they are fading away. A 
projection of th巴 macrophageinvading the dying Schwann cell has engulfed a opaque droplet 
Id). X 9,000. 
Fig・. l lb. The cl巴tailof the myelin globule (m1) in Fig. lla. x 16, 300. 
Fig・. llc. A small myelin globule on the l比hday after nerve section. Thisιlobule seems to 
be composed of the spiral lamellae without the light lay巴rsand has the same size as 112 in 
Fig. lla. x 17, 450. 
Fig・. 1ld. The M』bodyCM) on the 14th day encl<>scd within the cytoplasm. This decompo圃
sition product of the myelin globule has lost th巴 lamellarstructure. x 18, 330. 
Fig・. 12. Lon邑・itu〔linal%。ctionof the smaJI nerw Jiber on the 6th day after nerve section. 
The axon cannot he seen in this section. The Schwann cell ℃：γtoplasm is expanding into the 
intracellularドド山，， and has fil巴dit at the Ranvier node 1 RJ. The cytoplasm of this portion is 
light "・ithout increase of the 円・toplasrnicc心mponents,of whieh limiting membrane has disap-
peared. × 7, 190. 
Fig・. 13. A part of the longitudinal section of a larg・℃ Schwann cC'l. The cytoplasm is 
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invading into the intrdeοllular sp＜江川町1closin宮山巴 myelinfragm。nts. A double m叶11braneis 
indicated by arrnw日 throughthe cytoplasm. x 1, 200. 
Fig. 14. Oblique sedion of the Jar・geSchwann ct>l. The cytoplasm is invading we<lgewise 
into the intracellular space in which the large myelin globules lie. The pseudopode-like pro司
jections of the nucleus is apparent. x 7,000. 
Fig. 15. Longitudinal section of the large Schwann cell on the 10th day after nerve section. 
The cytoplasm has almost cornpl巴telyfilled th巴 intracellularspace in the middle field of the 
figure. The large intracellular spaces show the fusiform swellings on both sides of the cyto-
plasm, in which many myelin fragments lie. The cytoplasm and the limiting membrane of it 
hιve disappeared partially (at x). x 10, 500. 
Fig・. 16. Longitudinal section of the large Schwann cell on the 44th day after nerve 
section. The invasion of the cytoplasm into the intracellular space is delayed and the greater 
part of the cell is occupied by the large intracellular space, in ¥Yhich many myelin fragments 
lie and axon remnants are remaining (at a). x 4, 450. 
Fig・. 17. In the large Schwann cell on the 14th day after nerve section, many vacuoles can 
be seen and some of them communicate with each other. In another elongated cell (C) lying 
alongside the Schwann cel, the granular or vesicular corpuscles exist touching or crossing the 
cell membrane (at p). They seem to suggest the pinocytosis between these cells. x 8, 600. 
Fig. 18. A part of the longitudinal section of two degenerated Schwann cells on the 14th 
day after nerve section. In the lower right Schwann cel, pycnosis of the nucleus can be seen 
with a vacuole in it and myelin fragments hav~ been enclosed in the cytoplasm. In the upper 
left one, the disintegrating cytoplasm and" many myelin globules can be observed. Some of 
the myelin globules (m) are composed of t{l.e less dense myelin lamellae and seem to haYe the 
spiral structur巴. x 5, 250. 
Fig・. 19. On the 14th day after nerv巴 S巴ction,a ovoid and the large myelin globules retain 
their cord-like arrangement. Small myelin globules composed of the less dense lamellae and 
dense granules lie in the space fenced by the neurilemmal collagen fibrils. Some collagen 
fibrils are discovered between them. This figure suggests that the Schwann cell which has been 
situated there disintegrated completely leaving the cytoplasm remnants and the myelin frag-
ments. x 5, 250. 
Fig・. 20. A part of the cord of Sとhwanncell (the cord of Bi.ingner) with the medium dia-
meter (about 4. 2μ) on the 14th day after nerve section. The cord is composed of the indep-
endent elongated Schwann cells, of which surface membranes can be observed clearly as 
indicated by arrows. x 6, 300. 
Fig 21. Electron micrograph of the ultrathin section on the 44th day after nerve section. 
A part of the macrophage and its processes (p) can be seen, in which myelin fragments have 
been ingested. Collagen五brilsare increasing in groups (at c). x 7, 590. 
Fig. 22a. A part of th巴 medium-sizedelongated Schwann cell on the 14th day after nene 
section. Many cytoplasmic components are distributed throughout the some＼・hatdense matnx. 
The polygonal nucleus filled with the numerous fine granules has enclosed a part of the 
cytoplasm. The nuclear membrane indicated by arrow is shown under high magnification in 
Fig. 22b. x 6, 875. 
Fig・. 22b. The nuclear membrane is fenestreated as indicated by ar・row,where the interior 
of the nucleus is communicated with the cytoplasm. x 19, 000. 
Fig. 23. Two elongated Schwann cells in the cords of Schwann cell on the仙 hday af~er 
nerve section. In the right medium-sized Schwann cel, decrease of the cytoplasmic granules 
and the oval nucleus are notic巴ableas compared with the same sized one obsen·e＜~ in Fig・ 22~.
The double membrane can be seen in this cel, traγersing the cytoplasm and fadmg away m 
mid course as indicated by arrows. x 9, 510. 
Fig・. 24. Oblique section of three cords of Schwann cell on the 28th day after n巴rve
section. Each cord is composed of more than two Schwann cells, of which surfaces show the 
complicated coves. x 6, 080. 
Fig. 25. A foamy cell with many vacuoles ooserved on the 28th day after nerve日ection.
メ 12,750. 
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Fig. 26. A part of a macrophage-like cell on the 11th day after nerve section. This cell 
has many vacuoles and enclosed myelin globules, of which sul'face is indented in places (at xJ 
as if it was torn m’ay. The lower myelin globule appears to be sur、roundedby a part of th巴
cytoplasm as discussed in the text. A myelin lame!la is connected with the surface of the 
cytoplasm〔arrow)and a part of the forked nucleus can be seen in the right side. A group 
of unknown corpuscles are discovered at C, which seem to be neither th巴 knowncytoplasmic 
component, nor the degeneration product from it or mycl in fragment. x 7, 130. 
F~g. 27. A part of a macrophage-like cell on the 14th day after nerve section, of which 
surface is indented in places (at x). Many mye!in globules lying in this cell represent the 
yarious stages of decomposition process of the myelin lamellae as detailed in the text. The 
larger myelin globules (m1) seem to have the same !amellar structure as observed in normal 
myelin lamellae, while the smaller myelin globule (112) composed of less dense lamellae app2ars 
to have the spiral structure. A l¥1-body can be seen in the cytoplasm (Ml and a ribbon-like 
myelin lamella is coming in contact with the surface of the cytoplasm (at m). A number of 
circular lamellae lie around the cell UJ and they seem to be either the sheet of endoplasmic 
reticulum left behind outside th巴 cellin consequ巴nceof the partial destruction of the cytoplasm 





に強拡大像で示されている． 出： il!b索. ms：髄鞘．
scm : Schwann細胞表面膜． mit: mitochondria. 




られるがp 車由索 Schwann膜は解離していない． 附
図2.を参照されたい． ml : myelin lamella. asm : 




























められる（矢印）． 前者は一見 dense な小球状であ
るがp その一つ一つはp 互にコイル状に揚み合った
axon自lament断片の密集によって待成されているよ





ていてP dense layer (d）と lightlayer (I），及
び後者の中央に intermediateline (i）が認められ
る.scm : Schwann細胞表面膜.b : basement me-





が認められら． sen : Schwann細胞核p 17,400× 
図IOa. 切断10日後に観察された Schwann細胞質
に包まれ分解過程にある髄球（m1.7,520x













particles （図llb）が認められp 小髄球 （m2）は Ii且.・ht
layerを失ってp より densityの減じた myelin
lamellaeより成っており p 更に小さい髄球 （rn3）で
はy lamel!aeの輪廓は一層不明瞭となり消失しつつ
ある． ncf ：神経翰性I~原線維. 9,000× 
図llb, 図Ila中の大髄涼 Cm1）の一部の強拡大像
で， myelinlamellaeに多数の dense な小願粒が
認められる. 16,300 x 
図Uc. 切断14日後の他の切片に観られた小髄球．
図Ila.の髄球（mz）と同様に， light layerは消失し
てP より densityの減じた denselayerのみから
成払螺旋状をなしているように観える. 17,450 x 
図lld. 切断14日後に観られた小体 1¥1）.中等度に
denseで扇状構造は全く消失しておりp Schwann細






不明瞭となっている（x ). scm: Schwann細胞表面
膜. Im：細胞内陸に面している Schwann細胞質の
限界膜．c: l嬰原線維.7,190x 
図13. 大径 Schwann 細胞縦断面の －－－ ；~｛；. 細胞質
は髄鞠片（m）を包闘しつつF 模状に細胞内陸に侵入し
ており，また，細胞質を doublemembrane （矢印）























































移動しつつあるものかも知れない. 19,000 x 
図23. 切断44日後の2つの Schwann細胞桂の縦
































正常のような層状構造をもっ大髄球． m, : light la-
yer が消失し density の減じた螺旋状の myelin
lam什Jaeより成る小髄球． m：細胞質に媛している
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